Abstract -This paper explores the minimisation of interelement cross talk in 1-
I. INTRODUCTION
Piezoelectric composite transducers normally comprise a regular array of piezoelectric ceramic rods embedded in a polymer matrix. When configured as an array, the positioning of the array elements will generally follow a regular spatial pattern. In such structures, the periodicity of the composite substrate and the electrode pattern can contribute to parasitic Lamb wave vibrations across the array aperture, degrading array sensitivity and directional response [i] . The elastic character of the constituent materials play a key role in the extent to which such mechanical cross talk affects array performance. Careful design of the piezoelectric composite substrate, such that the frequency of operation occurs within a stop band of the composite plate, can limit these influences [ii] . However, for extremely wideband designs this approach is limited. Topology optimisation schemes have been employed to design the structure of the polymer filler in piezoelectric composite array structures to minimise the mechanical crosstalk [iii] . However, the resultant composite structures can be quite complex and difficult to achieve in practice. A simple approach would be the inclusion of soft, highly attenuative polymer fillers in the composite substrate to reduce unwanted resonant activity [i] . However, this is achieved at the expense of element sensitivity, a major issue in applications such as high frequency sonar, where signal to noise ratio is at a premium. To address the problem of inter element cross talk in arrays, finite element (FE) modelling using the PZFlex code has been employed to identify a range of polymer properties where crosstalk is minimised in 1D piezoelectric composite array structures. Using this information, a number of suitable polymer materials have been synthesised and shown to exhibit the desired array response. Finally experimental devices will be presented to confirm the findings of the FE study.
II. BEHAVIOUR OF 1D ARRAY STRUCTURES
An array test coupon, denoted device A, comprising a 30mm square piezoelectric composite was manufactured using PZ29 [Ferroperm, Kvistgard, Denmark] and a hard setting, low loss epoxy kerf filler, the polymer properties are shown in Table 1 . Figure 1 illustrates a schematic diagram of the array structure studied, a monolithic ground plane on the bottom surface and a patterned seven-element 1D array for the active plane. The centre element of the array, denoted #4 in Figure 1 , was subject to electrical excitation and the behaviour of the array coupon quantified. The array coupon was also simulated using the PZFlex finite element code [Weidlinger Associates, Palo Alto, CA]. The microstructure of the array coupon is shown in Table 2 -in each case the nominal fundamental thickness mode is 400kHz. Figure 2 illustrates the electrical impedance characteristic of element #4 of the array, it is clear that additional vibrational behaviour is present, evident from the disruption of the fundamental thickness mode. The experimental and FE derived data are in excellent agreement, with the FE model accurately predicting the device behaviour. The corresponding element surface displacement is shown in Figure 3 and as expected, additional resonant behaviour is observed across the substrate. Again, the experimental and FE derived data are in excellent agreement. The experimental data was then used to calculate the beam directivity in water at 1m, this data is shown in Figure 4 . It is clear from Figure 4 that the element directivity is significantly compromised. It has already been noted that incorporating a soft, high loss polymer as shown in Table 1 into the array structure would minimise the unwanted resonances. However, this would be achieved at the expense of element sensitivity [i] . To investigate the effect of filler material properties on array aperture response, the PZFlex finite element code was used. The basic premise for this process was to combine the properties of the hard and soft materials in the virtual environment of PZFlex to identify the key material characteristics that would lead to improved array response. It was found that a polymer material exhibiting a soft elastic character with low longitudinal loss and high shear loss performed well. Figure 5 details the PZFlex predicted array aperture response for such a material. It is clear from Figure  5 that the unwanted resonant behaviour has been reduced without affecting the desired element response. The next section of the paper will deal with the experimental assessment of kerf filler materials that exhibit the desired elastic character.
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Figure 5 PZFlex derived array aperture response for a theoretical soft setting polymer exhibiting low longitudinal loss and high shear loss
III. ASSESSMENT OF NEW POLYMERS
A number of polymer materials were then synthesised with these target characteristics, indeed a large range of materials were identified. However, for reasons of brevity only two of these materials will be discussed. These are denoted hybrid 1 and hybrid 2 and the elastic properties of these two materials, measured at 500kHz using a through transmission method [iv] , are shown in Table 3 . It is clear from the data that the materials possess the elastic character of interest; low longitudinal wave attenuation and high shear wave attenuation. PZFlex was again used to derive the array aperture response for the same 7-element configuration shown in Table 2 . Figure 6 illustrates the array response where the hybrid 1 polymer is used as the kerf filler. It is clear that the filler material is behaving in the expected manner, significantly reduced parasitic resonances in array aperture response, without a reduction in the desired element response. Extrapolating the directivity of the array comprising the hybrid 1 material results in the directivity pattern illustrated in Figure 7 . To confirm the results from the FE study a 1D array test coupon was constructed employing the hybrid 2 material and the microstructure detailed in Table 2 , this is denoted device B. The electrical impedance and surface displacement characteristics were experimentally measured and compared to the PZFlex derived responses. Again, the beam directivity at 1m in water was predicted from the measured surface displacement data. Experimentally, the behaviour of device B was found to correspond to that predicted by the FE model. For example, the electrical impedance characteristic is detailed in Figure 8 , it is clear that the array is uni-modal and is not disrupted by any additional vibrational behaviour. Moving on to consider the surface displacement profile, shown in Figure 9 , the unwanted vibrations outwith the excited electrode have been significantly reduced, the experimentally measured data is in good general agreement with the FE derived response. The reduction in the unwanted resonant behaviour has translated into a significant improvement in the directivity pattern shown in Figure 10 . However, a slight discrepancy in the beam directivity is observed on the acoustic axis, this is a result of the nonuniform surface displacement of the array element, as shown in Figure 9 . 
IV. CONCLUSIONS
Finite element analysis of 1D array structures has indicated that the inclusion of a kerf filler exhibiting anisotropy in the acoustic attenuation result in reduced unwanted resonant activity. A number of polymer materials with the desired properties have been synthesised and the desired elastic character confirmed. Experimental data on 1D array structures has been shown to corroborate this fact, where a significant reduction in unwanted resonant behaviour is observed, translating into improved element directivity. In each case the measured electrical impedance characteristics and surface displacement profiles have been shown to be in agreement with the PZFlex derived equivalents. Importantly, element sensitivity has not been compromised as would be expected with a soft highly attenuating polymer.
